Introduction
Animal protein in developing countries has over the years been in shortage supply, which has been attributed to inadequate products and high cost of conventional sources of animal protein-poultry, goat meat, beef, mutton and pork. This has led to the sourcing of alternatives to provide a solution to this problem of reduction of conventional meat, which has resulted in the increase in consumption of other meats. Frogs are consumed in some part of the world as source of protein. These amphibians are obtained in different forms such as fresh, sun dried, smoked, and smoked-dried; a process in which the frog is treated by combined smoking and drying steps to such an extent that refrigeration can be avoided, etc. The legs are considered by many to be a delicacy and have been collected on a local scale as an essential source of animal protein (Mohneke et al., 2009 ). The smoked-dried frog sample identified to be Aubria sp, also known as West African brown frog; this genus is closely related to the genus Rana sp. A stocky frog with a dark brown back and a relatively visible tympanium. The underside is usually speckled white over a brown background.
Microorganisms are ubiquitous and our food including smoked-dried frogs is not exempted. Food items could easily be contaminated with microorganisms in the environment, during handling and during processing. The food could also serve as a medium for the growth of the microorganisms after contamination. Microorganisms could change the nature of the food resulting to spoilage and food poisoning (Pelczar et al., 1993) . Moulds are multicellular fungi that form thin thread like structures called hyphae. They are widely distributed and found wherever moisture is present (Wiley et al., 2008) . Fungi 895 are major spoilage of foods and feedstuffs. The proliferation of various fungi in agricultural products leads to reduction in yield and quality with significant economic losses (Bankole, 1994) . They produce secondary metabolites which are referred to as mycotoxins which have been found to be present in most food substances. The mycotoxins are low weight metabolites which cause harm known as mycotoxicoses, in livestock, domestic animals and humans and therefore of public health significance (Bhat and Vasanthi, 2003) .The production of mycotoxins is stimulated by certain environmental factors: therefore the extent of contamination will differ with geographic location, agricultural methods and the susceptibility of commodities to the penetration of fungi during storage and processing periods (Jonathan and Esho, 2010) . Fungi that produce toxins in food are therefore classified into field fungi and storage fungi based on their ecological requirements for growth (Pelczar et al., 1993) . Mycotoxins have also been reported in similar proteinous products such as smoked-dried fish and in dried meats (Adebayo-Tayo et al., 2008; Oladejo and Adebayo-Tayo, 2011) .
Due to lack of awareness of the dangers posed by mycotoxins in alternative sources of animal protein, especially frog there is need for detailed assessment of their mycological quality and mycotoxins level and no study has been done on smoked-dried frogs in Nigeria.
The aim of the current work is to isolate and identify fungi associated with smoke-dried frogs sold in markets in Ibadan, Nigeria and to detect the mycotoxigenic fungi and to determine the presence and level of mycotoxins in the samples.
Materials and Methods

Sample Collection
Smoked dried frogs were purchased from retail stands in different major markets sites which were Bodija, Oje, Itamerin, Oja Oba, Aleshinloye and Moniya in Ibadan, Oyo State, Nigeria. Six samples of the smoked dried frogs were grouped together to make 20 composite totalling 120 in all. The samples were obtained July-October 2014, the first sampling was carried out in July and the second sampling was carried out in September and October. They were subsequently packaged in sterile polyethylene bags labelled properly and taken to the laboratory for analyses.
Isolation and Characterization of Fungi Associated With the Samples
Isolation of fungi from the smoke-dried frog samples were made on sterile Potato dextrose agar (PDA). The frog samples were individually ground in a common household blender. The blender's cup was rinsed with 85% alcohol between samples. Ten grams of the frog samples obtained from each of the markets were weighed aseptically into 90 mL sterile distilled water. From this, subsequent tenfold dilution was made up to 10 -3 . One millilitre of each dilution was dispensed in duplicate in sterile Petri dishes. Molten PDA to which streptomycin had been incorporated was added to the Petri dishes, which were gently rotated to ensure even dispersion. The plates were allowed to solidify and were incubated at 28±1°C for 3-7 days.
Discrete colonies were isolated in pure culture by subculturing the cells. Fungal isolates were identified based on their morphological and cultural characteristics as recommended by Domsch and Gams (1980) and Singh et al. (1991) .
Determination of Aflatoxigenic Fungi
Determination of aflatoxigenic fungi was carried out using the method of Davis et al., (1987) . Pure fungal isolates were cultured on Coconut Agar Medium (CAM). The plates were incubated for 3days at 28 o C.Production of an orange-yellow pigmentation by the mycelium was observed for toxigenic isolates prior to the production of blue fluorescence on the reverse side of the colony under UV light (365nm).
Toxigenic fungal isolates were also determined using a modified method of Atanda et al., (2006) . Pure matured fungal isolates were cultured on Palm Kernel Agar (PKA). Aflatoxigenic fungi were detected by the production of yellow pigmentation and a blue fluorescence of agar under UV light (365 nm).
Determination of Mycotoxins in the Samples
Quantitative determination of total aflatoxin and deoxynivalenol in smoked dried frog sample using Enzyme Linked Immunosorbent Assay (ELISA). The mycotoxins analysis were carried out using commercially available immunoassay kit Veratox test-NEOGEN Crop, Lansing, MI was used.
Sample preparation and extraction
The collected samples (smoked-dried frogs) were ground into powdery form with the use of high speed blender, thoroughly mixed together and made into composite, followed by weighing on an electronic scale. Five grams of smoke-dried frog was put into an extraction cup. 25mL of 70% methanol was added for aflatoxin, while 25 mL of sterile distilled water was added for the deoxynivalenol, the extraction cup was covered and manually shaken for 3 minutes; the mixture was then allowed to settle down. The extract was filtered by pouring 5mL through a whatman filter syringe, and filtrate was collected for further analysis.
Test Procedure
The number of dilution strips required for both the samples and the standards were placed in a microwell strip holder. Equal numbers of antibody coated strip were also placed in a microwell strip holder. Using a multipurpose channel pippettor 100µL of the conjugate was introduced into each of the dilution well. 100µL of the sample were placed in the dilution well containing the conjugate base. The multipurpose pippettor was used to mix the sample by carefully pipetting it upwards and downwards three times. 100µL of the mixture was immediately transferred into antibody coated plate and incubated for 5 minutes at room temperature. The antibody coated plates were later decanted and washed five times with distilled water. 100µL portion of the substrate was then put into the antibody coated plate and incubated. A stop solution of 100µL was introduced into each antibody coated plate. The microwell strips were subsequently analysed using a microwell reader using a 630nm filter. Concentration of mycotoxins was read and calculated using Neogen's Veratox software.
Concentration and Production of Aflatoxin By Aspergillus Species and Deoxynivalenol (DON) By Fusarium Species.
Aspergillus and Fusarium isolates identified on PDA were sub cultured in duplicate on YESA consisting of (Yeast extract 4.0 g, KH 2 PO 4 1 g, MgSO4.7H 2 O 0.5 g, sucrose 20.0 g and agar 15 g per litre) and incubated at 28°C for 21days to evaluate the aflatoxin and Deoxynivalenol production (Kana et al., 2013) . Aflatoxin and Deoxynivalenol was extracted from approximately 5 g of YESA with fungi colonies in 25 mL of 70% methanol and sterile distilled water respectively using the standard ELISA extraction protocol essentially described by the kit manufacturer (NEOGEN Crop, Lansing, MI., USA). Aflatoxin and Deoxynivalenol was quantified using ELISA KIT (Veratox for quantitative analysis of total aflatoxin and Deoxynivalenol test-NEOGEN Crop, Lansing, MI).
Determination of Proximate mineral Composition of the Samples
Proximate mineral analyses were carried out using AOAC (1990) methods which included protein determination, fat extraction, crude fibre determination and moisture.
Data Analysis
The data generated from the investigations were subjected to statistical analysis using SPSS 20, Duncan multiple range test was used to compare significant differences between the means.
Results and Discussion
The total fungi count ranged from 1.0 x 10 3 -8.0 x 10 3 cfu/g in which the highest was recorded in samples obtained from samples from Itamerin Market (1 Itam a). 16 of the samples (80%) were found to have total fungi count of ≤ 3.0 × 10 3 cfu/g while only four samples (20%) were found to have total fungi count of ≥ 3.0 × 10 3 cfu/g as shown in Table 1 .
A total of 70 fungi strains were obtained from the smoke dried frog samples. Table 3 shows the fungi associated with smoked dried frogs samples collected at different month interval had Penicillium citrinumas the most distributed, isolated from the six markets. Aspergillus niger and Fusarium oxysporum were also predominantly distributed in the samples obtained from the markets. Aspergillus niger was isolated from Bodija, Oja Oba, Itamerin, Moniya and Fusarium oxysporum was isolated from Oje, Itamerin, Aleshinloye and Moniya. On the other hand Cladosporium sphaerospermum and Alternaria spwere isolated the least from the samples.
Different fungal strains were isolated from the samples which are of major public health concern. A major public health risk with long term health implication is the contamination of food and feed (Bucci et al., 1990) . The low water activity as a result of smoke-drying reduces the competitive effects of most bacteria. Several physical factors including moisture, humidity, ambient temperature, storage time, pH and oxygen affect fungal growth and mycotoxins production (Kaaya et al., 2006) . Majority of the fungal organisms isolated and identified are widely distributed in nature and have their habitat mostly in the soil and decaying matter (Raper and Fennell 1965 Alternaria sp.
- occurrence Figure 1 shows the frequency of occurrence of the isolates in which Aspergillus niger had the highest frequency of occurrence (20%), followed in order by Penicillium citrinum (18.57%), Fusarium oxysporum (14.28), Aspergillus flavus (8.57), Fusarium compactum (7.14), Trichoderma viridae (5.71%), Fusarium solani, Fusarium verticillioides and Penicillium oxalicum had even occurrence of (4.29%), Aspergillus tamarri, Fusarium sacchari and Rhizophus sp had even occurrence of (2.86%) and Alternaria sp, Cladosporium sphaerospermum, Penicillium chrysogenum with (1.43%) respectively.
The isolation of these genera in the samples agrees with the findings of some researchers who isolated similar organisms from smoked-dried fish, dried meats, rice, 'garri', and peanut meal and maize (Adebayo-Tayo et al., 2008; Somorin and Bankole 2010; Oladejo and AdebayoTayo 2011; Kana et al., 2013; Jonathan et al., 2013) .
The isolated fungi can be classified as storage fungi and field fungi. The field fungi isolated were Fusarium oxysporum, Fusarium compacticum, Fusarium verticillioides, Fusarium solani, Fusarium sacchari, Cladopsorium sphaerospermum. The environmental requirements for the growth of the field fungi are different; the field fungi are eliminated during storage and the population of storage fungi increases (Bankole and Adebanjo 2003) . The storage fungi could have contaminated the smoked-dried frog samples during any of the phases of processing. The storage fungi includes Aspergillus niger, Aspergillus flavus, Aspergillus tamarii, the others are Penicillium chrysogenum, Penicillium citrinum, Penicllium oxalicum, Rhizopus sp. The fungal species that colonize the smoked-dried frog sample must have been present in the atmosphere in the form of spores during the processing or gained entrance during storage period as a result of inadequate storage facilities as well as in the market and also during transportation. Majority of these smoked-dried frog samples are kept close to agricultural commodities which are more susceptible to fungal contamination and mycotoxins production and therefore there is also cross contamination. Postprocessing handling of smoked protein products is not properly done. The smoked-dried frogs were observed to be put on dirty sacks on the floor at the markets. They are stored in poorly ventilated and generally dirty environment, where houseflies contaminate them very much with dirt from the surrounding environment. They were also seen to be displayed in some markets near heaps of garbage and litters all over. Eyo (1992) reported that the handling of smoked product like fish are prone to microbial attack especially due to unhygienic methods during the smoke drying period, smoking kilns used in artisanal fishery and the overloading of the fishes on trays leads to improper processing which in turn encourages fungal attack.
Aflatoxigenic fungi isolated from the smoked-dried frogs samples obtained from different market in Ibadan were detected using Coconut Agar Medium (CAM) and Palm Kernel Agar (PKA) Medium. All Aspergillus flavus strains showed to be capable of producing aflatoxins, with the production of orange yellow pigmentation in the medium as shown in Table 4 . Table 5 shows the detection and quantification of total aflatoxin in the smoked dried-frog samples obtained from different markets in Ibadan. Aflatoxin was detected in all the smoked-dried samples and the aflatoxin ranged from 1.86 -9.17 ppb. The highest concentration was recorded in the smoked-dried frog sample obtained from Aleshinloye C and the lowest concentration was recorded in the smoked-dried sample obtained from Itamerin A. Table 6 shows the detection and quantification of deoxynivalenol (DON) in parts per million (ppm) in Smoked-dried frog samples obtained from different market in Ibadan showed 70% of the samples to be contaminated with deoxynivalenol. The deoxynivalenol concentration in the contaminated sample ranged from 0.01 -0.96 ppm. The highest DON concentration was recorded in the smoked-dried frog samples obtained from the first sampling from Aleshinloye B. DON was not detected in some of the samples.
The production and concentration of Aflatoxin by Aspergillus flavus isolated from smoked-dried frog samples in Ibadan showed that all the Aspegillus flavus produced aflatoxin which indicates they are all toxigenic strains of Aspergillus flavus. The highest concentration was recorded in the isolate code 'BOD 4' having 3.56 ppb obtained from Bodija as shown in Table 7 .
The Fusarium spp were assayed for the production and concentration of deoxynivalenol. Some of the Fusarium spp produced DON. The highest concentration was recorded in the isolate code 'ALH 1' which had 0.30 ppm (Table 8) .
The smoked foods are also consumed besides been is source of protein and also due to flavour and texture that the frog or fish or other smoked product acquires on smoking.
Aspergillus is a group of moulds that is found worldwide. Their potential for contamination of food stuffs and animal feeds is widespread under favourable environmental conditions. The genus Aspergillus is a large proportion of all the moulds found in industrial food (Onions et al., 1981) . They have particular importance as spoilage organisms of food. Changes due to spoilage by Aspergillus species can be sensorial, nutritional and qualitative nature like pigmentation, discoloration, rotting development of off odours and off flavours. Many species grow at very low water activity and are found attacking various foods and producing mycotoxins (Lee et al., 2004) . Aspergillus niger are worldwide distributed occurring on a great variety of substrates, is also the most common species of Aspergillus and responsible for postharvest decay (Pitt et al., 2000) .
Penicillium is another group of mould with high occurrence. Occurrence of Penicillium in some samples during this investigation is in agreement with the report Barbosa et al. (2013) . He reported high occurrence of Penicillium species from fish feed obtained from farm with Penicillium citrinum having the highest occurrence. Many of Penicillium species can also produce a wide range of toxic compounds such as citrin and citreoviridin (Barbosa et al., 2013) . A. flavus Fusarium is another group of field mould with high occurrence in food and feeds. They produce mycotoxins such as deoxynivalenol and zearalenone.
The detection of aflatoxigenic mould in the smokeddried frog samples is in agreement with the work of Guatam et al. (2012) who reported that aflatoxigenic fungi were screened in rice, also with Sekar et al. (2008) in which aflatoxigenic fungi were screened in dried fruits and grains. Kana et al. (2013) also detected aflatoxigenic fungi in food (grains and maize) and poultry feeds. All the Aspergillus flavus isolates in this study were all toxigenic.
The occurrence of aflatoxin in the smoked-dried frog samples may be due to contamination of the frog samples by the toxigenic strains of Aspergillus flavus. Aflatoxin contamination occurs when aflatoxigenic species of Aspergillus flavus group successfully colonize the sample, grow in it and produce aflatoxins as secondary metabolite. Incidence of aflatoxins in other food products such as smoked-dried fish, dried meats, dried yam chips, has been reported as well (Adebayo-Tayo et al., 2008; Makun et al., 2010; Oladejo and Adebayo-Tayo 2011, Akinyemi et al., 2011; Hassan et al., 2011) .
The aflatoxin content obtained from the smoked-dried frog samples was higher which is not in agreement with the report of Akinyemi et al., (2011) and Adebayo-Tayo et al (2008) who reported a lower level which was between 0.0301-1.150 ppb and 1.5-8.1 ppb. The aflatoxins found to be associated with the smoked-dried frog samples sold in different market in Ibadan, were found to be in non-significant levels (P<0.05) that may be toxic to human health. According to the regulatory levels issued by the Food Drug Administration (FDA) of United States the levels for aflatoxin intake for humans is maximum of 20 ppb (FDA, 2000) .
Some samples that were obtained from some markets retailers, such as the Oja Oba, Oje , Aleshinloye A, had the presence of aflatoxin without the isolation of Aspergillus flavus or Aspergillus parasiticus. This is possible as mycotoxins have been reported to be more stable and difficult to eliminate (Rai et al., 2012) . The absence of microorganisms is therefore not enough for discarding the presence of toxins. Many studies demonstrated the presence of mycotoxins in commodities without fungal isolation, as for example pulses, cereals and wine (FDA, 2000; Baydar et al., 2005) . This means that the presence of fungal strains is not necessary for a food to be potentially dangerous: if those strains produced toxins at some point of their life histories, toxins can last on substrate well after the mycelium has disappeared. Mycotoxins are quite resistant and it is possible they remain chemically stable in stored commodities for long time. It has been shown that they can even survive extreme heating (Tsubouchi et al., 1987) , which is an additional problem to food products.
The occurrence of deoxynivalenol (DON) in the smoked-dried frog samples may be due to contamination of the frog samples by the toxigenic strains of Fusarium species. Deoxynivalenol contamination occurs when mycotoxigenic species of Fusarium group successfully colonize the sample, grow in it and produce toxins such as deoxynivalenol, zearalenone as secondary metabolite. The occurrence of deoxynivalenol in other food products such as in rice, wheat and maize have also been reported by (Duverger et al., 2011) . The deoxynivalenol produced were between (0.00 -0.96 ppm). This was also within the stipulated tolerance limits by the FDA of a maximum of 1.0 ppm. Some of the samples were shown not to have Deoxynivalenol. Bewaji and Bababunmi (2001) , also reported that zearalenone which is another mycotoxin produced by Fusarium species was not detected in Nigerian food stuffs.
In this research all the Aspergillus flavus isolates were aflatoxigenic in nature. The concentration ranged from 1.65-3.56 ppb. This report is in agreement with the work of (Kana et al., 2013) . Table 9 shows the proximate composition of the smoked dried frog samples. The crude protein content of the samples ranged from 40.79 -53.98%, in which the highest was recorded in Itamerin B while the least was recorded in Moniya B. There was no crude fibre content recorded in the smoked dried frogs' samples. The crude fat in the smoked dried frogs' samples ranged from 7.30 -13.49% in which the highest was recorded in Moniya A while the least was recorded in Itamerin B. The crude ash ranged from 12.14 -25.14%. The highest was recorded in Aleshinloye C while the lowest was recorded in Moniya A. The moisture content of the frog samples ranged from 12.44 -13.70%. The highest was recorded in Itamerin A while the least was recorded in Moniya B. The carbohydrate content in the frog samples ranged from 5.68 -19.20%. The highest was recorded in Aleshinloye A while the least was recorded in Moniya A.
The smoked-dried frog samples had different levels of mineral composition as shown in Table 10 . The percentage potassium content ranged from 217.85-1235.83 mg/100 g. The highest was recorded in Moniya A while the lowest was recorded in Aleshinloye C. The calcium content in the smoked-dried frog samples ranged from 4201-437.25 mg/100 g in which the highest was recorded in Moniya B while the lowest was recorded in Aleshinloye C. The magnesium content in the smoked dried frog samples ranged from 425.83-134 mg/100 g, the highest was recorded in Moniya B while the lowest was recorded in Aleshinloye C.
The iron content of the smoked-dried frog samples ranged from 431.75-1065.0 mg/100 g, the highest was recorded in Moniya B while the lowest was recorded in Aleshinloye B.
The lead content in the frog samples ranged from 1.40-11.5 mg/100 g, the highest was recorded in Itamerin B while the lowest was recorded Moniya B. The cadmium content for the smoked-dried frog samples ranged from 0.00-0.22 mg/100 g, the highest was recorded in Moniya A and there was no cadmium content other than Moniya B. The zinc content in the smoked-dried frog samples ranged from 9.43-5.20 mg/100 g, the highest was recorded in Oja Oba while the lowest was Itamerin B. The copper content ranged from 7.05-18.58 mg/100 g the highest was recorded in Itamerin A while the lowest was recorded in Aleshinloye C (Table 10 ). The mean protein content in the smoked-dried frog samples was high. The high protein content recorded in all the smoked-dried frog samples is in agreement with the report of (Oduntan et al., 2012) , who reported similar result. The moisture content was also found to be higher in this study than the findings of (Oduntan et al., 2012) . The moisture content of samples indicates that the smoked-dried frog is sufficiently dried to minimize microbial growth. However, high microbial load may be due to moisture absorption from the environment which increases the growth of moulds on the surface. The high ash content may be due to resultant dirt on the frog during drying on the ground in the open market. Torres et al. (1994) reported that ash content at the end of storage differs significantly to that at the onset.
High mineral content was recorded in smoked-dried frog samples obtained from different markets in Ibadan; this report is not in agreement with the work of (Oduntan et al., 2012) . The processing was slightly different, when compared to the latter. The heavy metals were relatively low, which indicates less toxicity.
The presence of mineral elements such as potassium, calcium, magnesium, which are important elements; they become constituents of protein, nucleic acid and other cell components. Calcium are essential elements found in human bones, iron and magnesium are essential trace elements which play vital part in the metabolic processes that take place in human system and blood regulation. In some enzymatic activities magnesium also functions as co-factor. Zinc is a vital mineral required for humans, with 10mg/day and 15mg/ day as the recommended daily allowance for humans and children respectively (NAS -NRC. 1974). Sanstead (1976) reported that zinc has a protective effect against the intoxication of lead and cadmium. The inadequacy of zinc could lead to retarded growth, loss of taste and decrease in fertility.
There was detection of lead in all the samples, and the concentration was between 1.40 -11.50 mg/100 g, lead causes renal failure and liver damage. Cadmium concentration in the smoked-dried frog samples (0.00 -0.22 mg/100 g) was below the standard limit of FAO (1981) . Ingestion of food containing cadmium leads to exposure, which could lead to severe symptoms and sometimes renal failure (NAS -NRC. 1982) . Copper is an essential part of several enzymes and it is necessary for the synthesis of haemoglobin, copper was detected in all the samples. When copper is ingested beyond 350 mg it could lead to shock and acute renal failure (NAS -NRC. 1982) .
The implication of this study is that smoked-dried frogs sold in markets in Ibadan are contaminated with mycotoxigenic fungi and mycotoxins. Therefore it is likely that the consumers of the smoked dried frog would have been taking partially unhealthy food, especially since some the consumers are also illiterate who consume the frog without adequate processing at the point of purchase. Although, in very small amount, prolonged intake of these mycotoxins may constitute health hazard. Some of the moulds isolated are probably contaminants in the frog samples, better methods of preservation will reduce their incidence or eliminate them.
Conclusion
In conclusion smoked-dried frogs sold in markets in Ibadan are contaminated with mycotoxigenic fungi and mycotoxins which is of public health concern.
